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(54) PEARUTIC RAIL SUPERIOR IN SURFACE DAMAGE RESISTANCE AND MANUFACTURING METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To restrain fractionation of ferritic grain on 
a rolling face of a steel rail with a pearlite structure, decrease 
accumulation of fatigue damage, further restrain development of an 
aggregate structure, by making an additive quantity of Cu to be in a 
certain range, and making a ratio of Cu concentration in a ferrite phase 
to that in a cementite phase in the pearlite structure to be a certain 
value or higher, and thereby improve surface damage resistance of the 
rail in a passenger railway and a heavy load railway. 
SOLUTION: In a steel rail including, by mass%, 0.65-1.20% C, and >1.00- 
2.50% Cu, the pearlitic rail superior in surface damage resistance is 
characterized by 20 or more of the ratio (FCu/CCu) of Cu concentration M 
(CCu) in the cementite phase to Cu concentration (FCu) in the ferrite g 
phase in the pearlite structure. 
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mmm^^mt ztix^zmmt Lxn<hz < , 

S^M-i^U £<9ilSLl\, 10 

[0 0 3 7] Sli, IJg|5^— ^- ^iT/IITiacO^Hi 
*P3lffi£i£.ki: LTS$ 3 OmmWt&fflWBftEjfffitt 
t^ftfe^— hffi$i<»i?££r, Hv 3 0 0 — 5 0 0 

©tQHtcpi^Lfcasicio^rmfK-rSo c ut-^jpL 

fc*fiB^TI±, UiSHv 3 0 0*vl('ft3i:, 

BI£<!rft<9, u-/K73<£ffl#^^ffiT-tS 0 

Hv 5 0 0£iSx.3i, Cu^^iPLfc*fiSc^^*5^ 

T fc»#«ttW[R]±^ J; 9 ft^y ^ - v^^Tf 5 r t 20 

— 7 A b;ifii$scO?I££H v 3 0 0~5 0 OcoIqH^PS^ 
[0 0 3 8] rrx% Hi t«5lroiiffiaiitti:« 

—t~ (G. C. ) g|5T&5 0 I^Hv 3 0 0~5 0 0 30 

[0 0 3 9] ( 4 ) : fi^If 1 1 

WIS &#3fcsb (cite, '>ft< £ l^-^g|5£+#(c 
^-^-r^ h{t:$-&?,^^feSo -^WSItli, JIM 
jS^CQl— A-gMgBd&^TteA r l &&.±<Dmfei$.X'h 
0, f?iPfi^ttfcl^-/HJg|5T*(a:Acl ,g+ 3 0 

feLf^^K h-^KiMum^-r^tmmmtix-t-^ 

71-4 htH^g^ClftSfctfK SJfte^fCl 3 5 0°C 
^PiiftS. 

[0040] ::t\ ±ieco rw-/njtl5j ite, mi 

fc^-f U-zHJIIgP (^: 1) fc'it/Iigr^— 35 so 



TIIH5 (^: 1) fciWIIfli^— 95 (#-!§■: 2) (73 

-ii>T*t, '>ft< ttii i^-f®mmcom$& t ?i 
[0041] i—ji'ffi%,%7f--?.7-i--<( hi&uii 

frh 7 0 0-4 5 0°C-£X'(DWii; 1-2 0°C/sec 
tfti^i-5 0 7 0 0T:Zmz.ZUJ£X'1)m%;m&WJk-f5 

i}m^nmk(vM ! &&®<x;<-7 j h^mam^ 
u \y-^m.n\zm.^n , &^<-7 4 h$m,tf$><£.i$. 
-r?>o -?-»g*ij#p<o5i^^H v 3 o o^mt^<o , n 

^<6T1-S„ Sbt, j5Sc^tioTi±Jpii^iPlt('^ 

z'trok, ^m~i^xitimmmizu--^m^ 

hfflftlr^^i Lfcx*°-y 

l$laffl^7 0 0~4 5 0°CcO$fflicPI^Lyc o 
[004 2] U-zHI^PWiPitMiSit^ 5 1 °C/ 

sec TfcviK&st, ^p^^Pii^roift^ai^l|!^-cv^°-7'1 , 

$W 5 £< ^Ric-f So rwfc^IJgproSI^^Hv 3 0 0* 

fit ft 9 , M&mmm<o7 u-*>ym^w± lt 

o = c/sec mm%;iV t P\f<-7 4 V%Mft 

w-/HISPco|Stt^fiT$-ti:So ^i:, -r/^y-^-f 

i»«'l4^{6;yi-5 o rcof- sbiPii^SPilg^ l -2 0°C 
/sec cofftStRg^Lfco ftfc\ B^Et8*ttlcffitL)t 

a, jpjift±i)jia(±2~i o°c/ S ec (Disia^fttM* 

[0 0 4 3] Sfc^Pii^iPiig*5H(i, ftiPUB^^ 

s -c-w^kj &j tcmmis. * s t « T- fc s ft . 

-S^t^feSo L^U APiiftSP^M7)^^TtT-(05F 
*SWftftipa/*^jt|s|BHrt-r-feix(l\ *x-7'f 
u-/KO#tt(^tft^#5:X^$ft^fci6 s 
WiPit^SP^t LTf4, ^iPit^W-Pt^ft^ajSiff 
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[0 0 4 4] 1 ~2 0°C/sec ro^SPiiit 
i^|SBjfg-efo5 0 LfcJ^T, IJHv 3 0 0-5 0 0 

hr!m<n±^m±^, mmnvt, cut, »rtgsft#« 

Utti-^S*^^ him -wi^^im h&ilu D] 

mm.£frtb i - 2 o°c/sec <D^m^s.x'im^& u 

RfflU-/^*g|5(7)?fia^7 0 0-4 5 o°C(r^Lfcn# 
^T'iPii^aSrff Jhi" 5 r i (d ± 19 , U-suffigMZpJiM 

[0 0 4 5] ftja, APiiftipm<»^iPli^iJ6ti*?nr±P(l 

it^3 5 o°c*-iS^^ip$tifc^fig-e*3So 
[0 0 4 6] *3§pj i^-^ro&Kaiii, ±fBPS^« ± 

^ S ^A1"S r. t >JS 5 „ L ^> L ^ ti. b coffiif^^^lA L 
[0 0 4 7] 

hfi|t4>c757i7'l' bffi<»Cuiilt (FCu) (dM 40 
t5t/>?^hffiOCuiS (CCu) Wit (FCu 

/ecu) , /nj^on^, mUJin^m&W*^ 

-f D Sfc^Kdli, H2(d^-t^fiJftiP*#T(d*5lt5 
WJSSJ*«?*«-C© 7 0 73 lalli «9 S L«ro*«*, [1 3 
d^-f^rHyf r 5 # 15 g^-tifl^^m t #IE L fc 0 3s 

7^h»m7i7^hffiroCuI|[ (FCu) tdft 
-TS-fe^ htBOCuftg (CCu) ©it (FCu 

/ecu) , u-;um^<D®$, m^mm'^m^w^^ 

ir a ^fc^2(d[i, |2l2(d^i-^iJ^iP^{4 : Ttd*3(t5 so 



14 

Busj^f^-c© 7 0 75®m d ii U£»jm* ft\ m 3 

[0 04 8] ftfc, I/— /K75#)3)cttJi(T»i*3 l 9 T'fo 
• u-yuffl (12*) *f -5§-A~ L 

uifitMt^-ir^ V^-f ht@<DCujftJl<7)it (FCu 

/ecu) #20^ iHu-/K7)g|iH5^— r- 
m i mmnmm£&&k U'>4< 3 omm© 

fEH;o^-7^ hffii^T*fe "9 , ;6>-o, -troSI^H v 3 
oo~5 0 oro$&fflT-fe5r t^#®i-rs»t*ffiaffi 

■ ttM\s—;vM (1 2*) fvF^-M-X 
fl (2*) . 

ji-m (5*) „ 

^ifaif^H^rottgju-^IB (i*) 0 

*#AS±IESB*«sffl^©Jt«u-^iB (4*) „ 
[0049] *?^«EB» l ^'cDIll(cov^Tf^^1- 
S„ Bitt, *H«roiiI»ltttiixfc^-7^ h 

ztizmmz^-rmx-hz. m 2 (±mjis: 

* 1 1 m 2 ^mmm \z. a n z> m,m^mmm * m 
fr-Ltz^(DX'hh 0 m5i±, m 1 \^-fjf.%m v- ivm 
t^2^-nmu-^m crf#: p~s) co»^i*!^ 
igmid *5 it 5 sjt $ t mfcML<r>m% * m x *> z> „ 

HKdtS^T, KiSJTl^, 2(±IJfR^—7--^ 
7:-fo5 D Sfcia2(dio^r, 3 ill— /H*^>t, 4ilffi 
^W, 5ii^iPffl/X>7:'&5 D ^ b(d|ll 3 idjo^r, 
6l-4^ftP;^, 7iiu-/i-R«|*^)t, Sii^e-^- 
« 9tt^-^- (U-/WIJ) , lOttTRSit 

mnxhz, 

[0 0 5 0] ^UPc^^iiTIB© <t <0 T'fcSo 

vmnma r«k»«Wt- (^s : 3 omm, « 

$ : 8 mm) 

f^JiSWSfi : l^-zl'fflSPSBT 2 mm (@4 #BB.) 

: 6 8 6 N (gttSE 6 4 0 M P a ) 
"9 ^5 : 2 0 % 

:/<-7^FS (Hv 3 8 0) 

: EW^tiSMftiP (SDft : 1 0 

ON 1 /m i n) 
ifiigLHiC : 7 07JIH] 
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9 (0 3 #85) 

2 0 0 mm, 1-— A-ffltrffiff^ : 6 0 
K U— yKD 1/4 
(« 9m : 2 0 0mm, >M#«1trffiff^ : MR 

nmnn. y'jr/v^m ■. 1. o sumje : s 

6 OMP a 
as 1 



: (6 0 c c/min ) 

: mm ; lOOrpm, zKfl?f ; 3 0 0 r 



p m 

UMLSffc : 0~5 0 0 0|Bl4t«i, ^ 
[0 0 5 1 ] 



[0 0 5 2] 



1 




(b ¥ i » CaassK) 




j 

(ccu)mtt 

(FCu/CCu) 






C | C u 


Si/fc/Cr/Ho/V/Mj/B/ 
Co/Ni/Ti/llg/CaMI 




(Hv lOkgf) i I (IC/sec) 


CC> (9) 




* 

w 

1 

* 




0. 65 j 1. 34 


MM 


5-f h 


2 7 


3 1 2 


! 

8 0 5; 18 


5 4 2 | 2. 8 9 


C2. 000) 


B 


a. 72 


1 

2.45 


Si :0. 25 
Hi:1.35 




4 2 


3 5 1 


i 

7 3 1 ! 10 

i 


620 j 2. 78 


(2. 00B) 


c 


0. 80 


2. 01 


»l :<>. 0321 
Ca: 0.0025 


'<-5-f Y 


3 5 


3 2 0 


7 4 5! 13 


6 8 5 j 2. 5 8 


' 3ESB««R4fcL 
(2. 0003) 


D 


0.81 


1.98 


Si:0. 32 

V :0. 05. »:0.012 




34 


3 8 2 


7 7 2; 2 


4 6 2 ; 2. 3 2 


(2. 000) 


E 


0.91 


1.35 
1 


Si:0. 45 
*J:0. 0021 


'<-5-f F 


2 6 


3 7 2 17 8 1 


3 


— 
5 3 1 


2. 1 0 


(2. 000) 


F 


0-91 


1.81 


Si :0. 55 


F 


3 2 


3 9 0 


7 6 0 


5 


5 2 1 


1.82 


(2. 00H) 


G 


0.95 


178 


Si:0. 35 
Cr:0.32 


'<-?-( F 


3 1 


4 1 4 


7 4 5 


6 


5 3 2 


1.42 


*S««Ht*trL 

(2. 00B) 


H 


1.01 


1.51 


Si: 
Hi: 

Cr: 


SI 


'*-9-f F 


2 9 


4 4 0 


7 S 4 


3 


4 8 9 


1.29 


(2. 00B) 


1 

J 


1.01 


1.03 


fiitil 


/<-5-f F 


2 2 


42 1 


7 1 0 


1 


5 1 0 


1.26 


(2. 00B) 


1.05 


2. 01 


Al:0.0120 

B :0. 0012. Ti:0. 0125 


/<-5-f F 


3 6 


4 6 2 


7 3 5 


7 


4 7 5 


1.64 


«asa«i»4ttt, 

C2. 00S) 


K 


1.12 


1.31 


Si :0. 35 

EM 


F 


2 5 


43 1 


7 8 5 


2 


54 1 


1.32 


(2. 000) 


L 


1.20 


1.41 


Al : 
Hn: 

Co:i 


:il 


/<-5-f F j 


2 8 


48 1 | 

! 


7 3 1 


3 


4 8 8 


1. 22 i 

: 


(2. 000) 



30 



1*2] 



40 



50 
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<t ¥ & 4} GnassX) 



Si/Kn/Cr/lo/V/Nb/B/ 
Co/Hi/Ti/Kg/Ca/AI 



! (CCuXDit 
I (FCu/CCu) 



(Hv lOkgf) 




[0 0 5 3] 

ma, itm^-^m p~s) ttt^-rcufis- 30 

Ml*. *2l^-t-Jtt5l^-yPffl (fT^: T~~X) tJt^ 



•5 

[0 2 ] WJSS*«t*^«toaB&0 o 

[0 4] J^ttfOft^fcftSSt^SSjfiBSr^i-H,, 

[05] ^m^-^mbim^~^ (##m*^r 

Sis P~S) roWft^^^tJttSH^SI^i: 

nf^otfcFl] 



9 (U-/MBJ) 



2 
4 
6 
8 

1 0 : 



*—9- (mm 



[04] 
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(72)3§K# 1*1 1? if- F^-i^(##) 4K042 AA04 BA01 BA02 BA03 BA04 

itMmF>mmm<?m i - 1 ma^mm. bah caoi cack cao4 caos 

ttsC^ttAitSMiipJrrt CA06 CA08 CA09 CA10 CA12 

CA13 DA01 DC02 DE01 DE06 



